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ABSTRACT
INFLUENCE OF AGRICULTURAL STREAM HABITAT ALTERATIONS ON
MOSQUITOES AND AMPHIBIANS: PATTERNS, PROCESSES, AND
PREDICTIONS
Julia Sonn
Thesis Chair: Troy Anderson, Ph.D.
The University of Texas at Tyler
May 2011
Changes to stream structure, riparian habitat, and water quality can alter
ecosystem dynamics, resulting in an increase in mosquitoes, while weakening
populations of amphibians. Therefore, it is necessary to understand how these
components are affected by agricultural practices so that mosquito populations can be
controlled and aquatic organisms can be protected. In this study, I examined changes in
stream structure by measuring geomorphology at three riparian habitats that were
anthropogenically impacted to varying degrees. I also compared water quality between
the habitats. Mosquitoes and amphibians were surveyed at each riparian habitat,
identified to species, and abundances were compared.
Stream structure was significantly different at the riparian habitat that did not
receive anthropogenic alterations, indicating that erosion had occurred in the agricultural
grassland habitat. Nitrates and nitrites accumulated downstream of the agricultural
grassland. Mosquito abundances and number of species were similar at all three stream
habitats, but the agricultural grassland habitat had a higher percentage of anopheline
mosquitoes and greater species evenness. Each riparian habitat was characterized by a
specific amphibian species not found at the other stream habitats, indicating a degree of
habitat fragmentation. These trends demonstrate that agricultural landscape alterations
can alter ecosystem dynamics. Increasing mosquito species diversity and altering
v

amphibian species distributions can create the potential for disease transmission and
further weaken a declining vertebrate group.

vi

CHAPTER ONE: INTRODUCTION
As human and wildlife diseases intensify, it is becoming increasingly important to
understand how aquatic organisms are influenced by anthropogenic landscape alterations.
Mosquitoes and amphibians are good model organisms for studying changes to aquatic
environments because while mosquitoes are potentially harmful invertebrates and
amphibians are important vertebrate keystones, both have completely aquatic larval
stages and at least partially terrestrial adult stages. Changes to stream structure, habitat,
water quality, and nutrient enrichment can alter ecosystem dynamics, resulting in an
increase in disease-vectors, while adversely affecting populations of aquatic organisms.
The introduction of nitrates, nitrites, and phosphates into an aquatic ecosystem, along
with associated anthropogenic alterations, can affect the abundance of pathogens,
sometimes leading to epidemic conditions (Johnson et al. 2010). The creation of shallow,
stagnant pools of water and increased nutrient enrichment can increase larval abundances
and growth rates for disease vectoring mosquitoes (Townsend et al. 2003). Species
richness and abundances of amphibians have been shown to decline with increased
grazing intensity as a result of decreased water quality and destruction of habitat
(Knutson et al. 2004). Amphibians and disease vectoring insects are spatially associated
in aquatic environments, so agricultural habitat alterations could result in an increased
prevalence of disease in amphibians. It is necessary to understand how streams and
aquatic organisms are affected by agricultural practices so that potentially dangerous
organisms such as mosquitoes can be controlled and amphibians can be protected.
LIVESTOCK AGRICULTURAL PRACTICES IN RIPARIAN HABITATS
Riparian habitats are composed of several different microhabitat types which
makes them structurally complex (Frissell et al. 1986) and allows, in part, for species
diversity. Each segment of the stream has a particular structural or functional role in the
physical or biological interactions within the stream (Frissell et al. 1986). For example,
1

stream canopy cover is important to stream health because it provides nutrients, increases
habitat complexity, and is an important component of bank stability (Ward et al. 2003;
Fellows et al. 2006; Sweeney et al. 2004). In addition, the removal of riparian forest
cover increases the amount of silt, which can negatively affect aquatic organisms (Stone
et al. 2005). The introduction of livestock and other anthropogenic alterations to riparian
habitats can remove aquatic vegetation, alter stream channel morphology, and degrade
the quality of the water (Kauffman and Krueger 1984). Therefore, an altered habitat can
be defined as any habitat that has been changed structurally and functionally by
anthropogenic activities. Grazing can increase erosion by reducing vegetation and
exposing substrate, and cattle hooves can compact the soil resulting in increased runoff
(Trimble and Mendel 1995). An impaired stream ecosystem is less capable of coping
with deleterious effects, such as nutrient enrichment. Nutrient enrichment and the
creation of microhabitats increases mosquito diversity and abundance. At the same time,
altered riparian habitats and nutrient enrichment, coupled with an increase in diseasevectoring insects can have negative consequences for amphibians.
NUTRIENT INFLUXES IN RIPARIAN HABITATS
In natural riparian communities, nutrient composition of the soil exhibits patterns
related to the distribution of vegetation and flooding events (Gregory et al. 1991).
Demand for nutrients by riparian vegetation greatly reduces nutrient concentrations in the
soil and water, and channel complexity helps to slow the transport of water, thereby
allowing biological uptake of dissolved nutrients (Gregory et al. 1991). Retention of
forested land cover also tends to cause declines in nutrient loads (Nijboer and
Verdonschot 2004; Ward et al. 2003). In undisturbed streams, the majority of nitrogen is
inorganic; increasing human disturbance results in greater fluxes of nutrients and a higher
proportion is composed of nitrate (Vitousek et al. 1997), which can be toxic to aquatic
organisms (Knutson et al. 2004). Direct inputs of nitrate into aquatic ecosystems can lead
to poor water quality, low dissolved oxygen, and changes in pH, all of which are
particularly detrimental to eggs and larvae of aquatic organisms (Knutson et al. 2004).
Generally, only nitrate exists in significant quantities in aquatic systems, but nitrite is also
a result of agricultural runoff and can be toxic to some aquatic organisms (Manna et al.
2009). Nitrite accumulates in the tissues of amphibians in concentrations much higher
2

than those in the environment and can delay development, growth, and hatching, and
cause mortalities (Griffis-Kyle 2007). Additions of nitrates and nitrites can result in
stream eutrophication, which can create anoxic conditions and die-offs of aquatic
organisms (Manna et al. 2009). Studies now suggest that nutrient enrichment may also
cause increased abundances of pathogens and transmission of vector-borne diseases
(Townsend et al. 2003; Johnson et al. 2010).
MOSQUITO ASSEMBLAGES
Nutrient enrichment has also been correlated to higher larval abundances of
mosquitoes that carry West Nile virus, and encephalitides (Rejmankova 1991; Townsend
et al. 2003). Changes in land use can also alter the amount of habitat available for
reproduction and the amount of food available to mosquitoes, thereby enhancing
mosquito abundance and increasing the potential for the spread of disease (Johnson et al.
2010). Specific habitat and climatic conditions are necessary for oviposition in most
mosquito species and these conditions vary among species (Day and Bentley 1989).
Factors such as substrate moisture, presence of vegetation, humidity, flooding conditions,
water chemistry, and nutrient enrichment can all influence the selection of oviposition
sites (Day and Bentley 1989). Conditions that meet the needs of a particular mosquito
species can result in very high abundances of that species, potentially leading to increased
transmission of disease (Shaman et al 2003). Therefore, habitat fragmentation that results
in many different habitats within a small area may increase abundance of several species,
and constant disturbance may lead to increased species diversity (Townsend et al. 1997).
Agricultural landscapes often create optimal oviposition sites for mosquitoes
inadvertently by creating pools of shallow standing water in various habitat conditions
and by providing artificial flooding conditions, which are necessary for hatching in many
species (Day and Bentley 1989). By creating prime habitat and enhancing conditions for
larval growth, increased abundances and diversity of mosquitoes are expected in
agricultural landscapes, leading to an increased risk of disease for local organisms.
AMPHIBIAN ASSEMBLAGES
Amphibians are affected by changes to aquatic ecosystems more than most other
vertebrate groups. Their dependence on the water and stream habitat structure and their
3

permeable skin makes them particularly susceptible to environmental alterations. Most
amphibians have complex life cycles requiring multiple habitats that are adjacent to each
other to use for breeding, foraging, and aestivation (Baldwin and deMaynardier 2009;
Stoddard and Hayes 2005). The removal of vegetation and erosion can negatively impact
amphibians by raising water temperatures, and increasing sediment and nutrient loads,
thereby leading to anoxic conditions (Stoddard and Hayes 2005). The presence of
livestock near aquatic habitats can compromise amphibian health and population density
by decreasing vegetation, increasing turbidity, and damaging eggs (Schmutzer et al.
2008). The increase of nitrate and nitrite concentrations can negatively affect amphibian
growth, development, and survival (Marco and Blaustein 1999; Knutson 2004). For
example, nitrites can react with hemoglobin in the bloodstream, producing
methemoglobin and eliciting hypoxic stress in amphibian tissues, resulting in reduced
feeding activity, less vigorous swimming, disequilibrium, paralysis, and mortality (Shinn
et al. 2008). Nitrates are less toxic than nitrites since uptake is slow in aquatic organisms.
However, nitrates can still be toxic to amphibians and have sublethal effects that are
similar to those caused by nitrites (Manna et al. 2009). In addition, these livestock
alterations to amphibian habitat may result in reduced fitness and health, making
amphibians more vulnerable to parasitism and disease. Multiple mosquito species can
transmit both West Nile virus and eastern equine encephalitis and acquire blood meals
from amphibians (Cupp et al. 2003). Klenk and Komar (2003) and Zeller and
Schuffenecker (2004) report that amphibians serve as reservoirs for West Nile virus,
albeit at low levels, which in turn may be acquired by mosquitoes. This indicates that
amphibians may be serving as a reservoir for mosquito-borne disease (Cupp et al. 2004).
Eastern equine encephalitis is a virulent arbovirus that occurs in the Eastern United States
(Cohen et al. 2009), and it is unknown whether mosquitoes can reacquire the virus from
amphibians, or how this may affect amphibian immune systems. The global decline of
amphibians has made their conservation a priority (Knutson et al. 2004), and thus, a
better understanding of the influence of landscape alterations and disease to the
distribution and health of amphibians is of particular importance.
The eutrophication of riparian habitats can often be attributed to fluctuating
nitrogen cycle processes that are a result of agricultural landscape alterations, which
4

creates the potential for disease emergence and transmission. My goal in this project is to
investigate how anthropogenic alterations to stream structure and nutrient cycles
influence distribution and abundance of vector mosquitoes and the diversity and health of
amphibian populations. Impaired riparian habitat is increases nutrient influx, resulting in
eutrophication and anoxic conditions that are harmful to many amphibians, while
promoting mosquito abundance and distribution. My hypothesis is that agricultural land
practices make stream banks wider and shallower, which increases nutrient enrichment to
stream habitats, and thus, increases mosquito-vector abundance and reduces amphibian
fitness. If this is true, the stream banks of high agricultural use areas will have shallow
slopes, elevated nutrient concentrations, increased mosquito diversity and abundance, and
reduced amphibian diversity and fitness. The specific aims of my project are to 1)
measure stream geomorphology, riparian habitat, and water quality, at three sites of an
agricultural stream, 2) measure the diversity and abundance of vector mosquito species at
each stream site, and 3) measure the diversity and abundance of amphibian species at
each stream site. This information will serve as a prerequisite for the characterization of
agricultural stream ecosystems and the influence that these systems have on the diversity
and abundance of mosquitoes and amphibians.

5
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CHAPTER TWO: INFLUENCE OF AGRICULTURAL STREAM
ALTERATIONS ON RIPARIAN GEOMORPHOLOGY
INTRODUCTION
Landscape alterations and disease emergence are environmental concerns that
intersect at aquatic ecosystems. In riparian habitats, agricultural activities such as
continuous cattle grazing at stream sites, have been shown to reduce channel stability,
increase erosion, and facilitate sediment transport by removing vegetation (Magner et al.
2008), as well as reducing canopy cover, increasing turbidity, and introducing bacteria.
Nutrient enrichment is characteristic of streams associated with intense agriculture
because livestock introduce nutrients into the stream in high volumes (Nijboer and
Verdonschot 2004). The supply of nutrients is essential to the functioning of aquatic
ecosystems because it is a limiting component to their productivity, composition,
dynamics, and diversity (Vitousek et al. 2002). However, the excessive nutrient
enrichment of stream habitats can have both positive (e.g., vector mosquitoes) or negative
(e.g., amphibians) effects on aquatic biota.
The amount of nitrates and nitrites transported into streams through adjacent
terrestrial ecosystems is determined by geomorphic and hydraulic processes, riparian
vegetation, and microbial activity in the water (Gregory et al. 1991). Reactive forms of
nitrogen in the water are reduced to nitrogen gas by such physical features as the shape of
the stream channel, flow of the water, oxygen gradients, and exchange of surface water
with sediments (Alexander et al. 2007). The alteration of stream morphology such as
erosion, the removal of riparian vegetation, widening of the stream, and clearing of debris
can increase nutrient transport both to and within the stream (Nijboer and Verdonschot
2004).
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The oviposition behavior of vector mosquito species is an important factor in their
distribution and abundance, and is influenced by water turbidity and microbial activity
(Minakawa et al. 1999; Sattler et al. 2005). Nutrient enrichment has been shown to
increase the egg development and larval growth rate of vector mosquitoes (Walker et al.
1997; Briegel 1986). Consequently, the excessive nutrient enrichment of stream habitats
provides optimal oviposition sites for vector mosquitoes.
The presence of nitrates and nitrites can also increase the abundance of vectormosquitoes in stream habitats, and thus enhance disease transmission to wildlife (Johnson
et al. 2007). Livestock practices associated with agricultural landscapes, can alter stream
geomorphology and water quality and, in turn, be detrimental to aquatic vertebrates,
including amphibians (Stoddard and Hayes 2005). Anthropogenic activities can impair
stream geomorphology, producing nutrient-enriched aquatic habitat that may benefit
mosquitoes, while decreasing the health of local wildlife. My specific aims are to explore
the geomorphology of the stream, quantify riparian habitat variables, and measure water
quality to better understand the impact of agriculture on a stream ecosystem as a
prerequisite for determining the influence of these effects on mosquito and amphibian
populations. If geomorphological variables associated with erosion of the bank are
different in agricultural and unaffected regions of the stream, and nutrient levels are
higher in those areas with altered geomorphology, then anthropogenic activity can be
linked to an altered stream structure that is incapable of mitigating nutrient input.
Nutrient enrichment downstream of the habitat with the highest agricultural activity and
not upstream will indicate that the increased nutrient content is a result of the agriculture
occurring in the vicinity of the stream.
METHODS
Study Area and Habitat Characterization
Geomorphological and mosquito and amphibian species data were collected from
a spring-fed stream in Smith County, Texas USA on the Gift Ranch, a 500 acre privately
owned ranch. The stream is part of the Sabine River watershed and empties into the
Sabine River about 500 m from the study site. The study site is adjacent to the Old Sabine
Bottom Wildlife Refuge (Figure 2). Anthropogenic influence and geology have created
11

three distinctly different areas within the stream. These are referred to as transects and
are 160 m long and separated by 100 m. Each transect consisted of five randomly
selected cross section points used for geomorphology measurements that were 40 m apart
and marked by rebar on both banks. The areas between the cross section points are
referred to as plots and were used for sampling mosquito and amphibian species and for
measuring habitat variables. The wetland transect is farthest downstream and is
characterized by wide, shallow, sandy channels and has many adjacent pools during the
rainy season. The wetland transect received nutrient input from agricultural practices
occurring upstream, but one small section was also used as a crossing point by cattle and
farm vehicles. The agricultural grassland transect received the heaviest use from cattle,
which crossed every part of the stream and deposited manure within it. It is characterized
by wide channels and little cover. It is also the location of a power-line, and all trees
within a 50m portion of the stream have been removed. The woodland transect, which is
furthest upstream, is densely wooded and has very steep banks with deep channels. It
received little anthropogenic impact.
Each geomorphological feature was measured at 15 cross sections using a
surveyor’s laser level (Leica Rugby 100LR) and laser receiver (Leica ROD-EYE Classic)
mounted on a surveyor’s telescoping meter stick. The laser level was used to measure the
bed elevation, bank full height, and water level at each cross section as described in
Harrelson et al. (1994). The elevation, flood plain, terraces, slope, dimensions, and
sinuosity of each riparian habitat were determined by performing a longitudinal survey
for the entire length of each riparian habitat (160 m). Important features, such as the top
of a riffle or pool or the deepest point of a pool were always measured during cross
section and longitudinal measurements. Geomorphology cross section measurements
were taken once each during spring and summer of 2010. Measurements were also taken
at the grassland habitat during the fall of 2009. Fall and spring cross-section
measurements were taken from the rebar which was placed just far enough from the bank
to avoid being moved by erosion. Summer cross-section measurements included
extensions to 100 year flood plain levels, which were indicated by a rise, drop, and
another rise in elevation. In some areas, one hundred year flood plain levels could not be
reached because of landscape features, stream meanders, or other obstacles. I used the
12

STREAM Module’s Reference Reach Spreadsheet (Mecklenburg and Ward 2004) to
calculate seven bank-full dimensions variables, two flood dimensions variables, and three
forces/power variables, as well as to produce visual models. Stream geomorphology is
influenced by reach scale conditions such as depth of bedrock, bank materials, attachment
to floodplain, vegetation, and slope, as well as anthropogenic factors such as land use
(D’Ambrosio et al. 2009) and assessing these variables will provide insight into which
factors are most influential in the structure of the stream.
A number of habitat variables were quantified for each riparian habitat. The
habitat measurements are based on knowledge of habitat requirements for aquatic
organisms and can be influenced by system-wide factors (D’Ambrosio et al. 2009).
These measurements include stream width, erosion potential, percentage of canopy cover,
bank slope, vegetation type, and percentage and type of in-stream cover. Stream width
was measured from the water’s edge on either bank at the point marked by rebar.
Erosion potential was determined visually by assessing the percentage of vegetation on
the bank within a one meter radius of the rebar. This was standardized by taking pictures
of each erosion potential measurement and comparing with successive measurements.
Canopy cover was calculated using a spherical convex densiometer. Bank slope was
measured using a clinometer. A Marsh-McBirney Flo Mate was used to find the depth
and flow rate at several points across the stream at each cross section, and all the
measurements for that cross-section were then averaged.
Water chemistry variables were collected using a multi-probe meter (Yellow
Springs Instruments) equipped with temperature, conductivity, turbidity, and dissolved
oxygen probes and was deployed in the middle of the water column at every cross section
point. Water samples were collected from cross-section points and a colorimeter was
used to determine phosphate, nitrate, and nitrite concentrations.
Statistical Analysis
To determine whether the geomorphology of all three transects were significantly
different from each other based on bank-full dimension and flood dimension variables, I
used multivariate analysis of variance (MANOVA) in NCSS. Since MANOVAs
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compare the means of each group, this will determine whether there are differences
overall, but not between each variable.
I also compared the five geomorphological variables most associated with bank
erosion: entrenchment ratio, width to depth ratio, flood prone area, stress, and velocity,
between each riparian habitat using the program PC-Ord to create a Multi-Response
Permutation Procedure (MRPP). Significant difference between categorical variables
was characterized by a P value less than 0.05 and heterogeneity was represented by A
values less than 1. MRPP is useful because it measures differences between groups, as
well as within groups by comparing the distance between variables, which allows each
variable to be analyzed independently and prevents explanatory variance from being lost.
I focused on only these geomorphological characteristics because these characteristics are
most affected by the shape of the bank, which is the area of the stream on which the cattle
cause the most damage.
When analyzing habitat variables, I used a MANOVA because I compared six
variables (stream width, left bank erosion potential, right bank erosion potential, left bank
slope, right bank slope, and percentage of canopy cover) collected at the five crosssections between all three transects. As such, I used the three riparian habitats as the
factor variable and the six habitat variables were analyzed separately in relation to the
riparian habitats. Another MANOVA was used in this method to determine whether
stream depth and flow, which were averaged from four samples at each cross-section,
were different between the riparian habitats.
ANOVAs were used to identify differences in water quality variables. I used
separate one-way ANOVAs to examine conductivity and pH variables between all three
riparian habitats and Kruskal-Wallis Multiple Comparison Z Value Tests were used for
pairwise comparisons. I analyzed conductivity and pH separately so that the individual
characteristics of these values would not be lost in the analysis.
I used one-way ANOVAs to analyze nitrate and nitrite levels between the riparian
habitats to determine pairwise, as well as overall values, for each substance. All nitrate
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and nitrite samples were collected on the same day. Kruskal-Wallis multiple comparison
z-value tests were used for pairwise comparisons.
Using PC-Ord, I created PCAs that used geomorphological variables generated by
the STREAM module spreadsheet, as well as six habitat variables, three water quality
variables, and nitrate and nitrite concentrations. I performed PCAs for all three transects
together, as well as individually, so that the effects of these variables on the riparian
habitats could be compared with each other, as well as examined on a smaller scale.
RESULTS
There was no significant difference between any of the transects based on all
bank-full dimension and flood dimension variables (MANOVA, df=2, t=13.20, p=0.78),
despite anthropogenic effects and varying habitats. However, an analysis using only five
geomorphological characteristics that are most affected by alterations in the stream bank
revealed that geomorphology was significantly different between the riparian habitats
(MRPP, Euclidean, p=0.0035, A=0.0733). These characteristics include width-to-depth
ratio, flood prone ratio, entrenchment, mean depth, and velocity. There was also high
heterogeneity within each group, which demonstrates that there is a high degree of
diversity within each riparian habitat, as well as between the riparian habitats, and that
the habitats must be highly divergent to still be considered different. In addition, a
pairwise comparison found that the wetland and woodland habitats and grassland and
woodland habitats were significantly different from each other and were heterogeneous,
although the wetland and woodland habitats were more heterogeneous than the grassland
and woodland habitats. The wetland and grassland habitats were not significantly
different from each other.
I determined that there was no significant difference between the riparian habitats
based on seven habitat variables: stream width, left bank slope, right bank slope, left bank
erosion potential, right bank erosion potential, and percentage of canopy cover
(MANOVA, df=2, t=2.67, p=0.54). I also analyzed significant differences in stream
flow and depth between the riparian habitats and found no significant difference
(MANOVA, df=2, t=0.63, p=0.22).
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An analysis of conductivity values collected from all three riparian habitats
indicated that there was a significant difference between the habitats (ANOVA, df=2,
F=11.84, p=0.001). While there was no difference between the wetland and grassland
habitats or the grassland and woodland habitats, the wetland and woodland habitats were
significantly different (Z=3.009, p=0.05). There was also a significant difference in pH
values between the riparian habitats (ANOVA, df=2, F=9, p=0.0041). The wetland and
grassland habitats and the grassland and woodland habitats were significantly different
from each other (p<0.05), while the wetland and woodland habitats were not.
An analysis of nitrate and nitrite levels between the riparian habitats found that
nitrate levels were significantly different overall (ANOVA, df=2, F= 8.3, p=0.005). The
wetland and woodland habitats transects had significantly different nitrate levels, while
the wetland and grassland habitats and the grassland and woodland habitats were not
significantly different. Nitrate levels were lowest upstream at the woodland habitat and
increased at the grassland habitat and were highest downstream at the wetland habitat. A
similar analysis of nitrite levels also demonstrated that the transects were significantly
different overall (ANOVA, df=2, F=4.42, p=0.036). The wetland and woodland habitats
and grassland and woodland habitats had significantly different levels of nitrites, whereas
the wetland and grassland habitats did not. Nitrite levels at the woodland habitat were
much lower than at the grassland and wetland habitats.
The influence of geomorphology, habitat characteristics, water quality, and
nutrient concentrations on the amount of variation at each transect was analyzed (PCA,
Figure 1). A PCA of all transects based on geomorphology, habitat characteristics, water
quality, and nutrient concentrations revealed that there was less variation between the
plots of each riparian habitat than between plots of different habitats (broken stick
eigenvalue axis one =10.29, eigenvalue axis one = 3.816; broken stick eigenvalue axis
two = 3.884, eigenvalue axis two = 2.816). The woodland habitat was the exception to
this in that there was great variation between plot one and the other cross-sections in the
woodland habitat, which can be attributed to the presence of a waterfall about fifteen
meters downstream from plot one that causes it to be much deeper than the water at the
other plots within the woodland habitat. The PCA also demonstrates that most of the
variation within the plots of the wetland habitat can be accounted for by nitrate and nitrite
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concentrations, erosion potential, width to depth ratio, and percentage of canopy cover.
Most of the variation within the grassland transect can be accounted for by the percentage
of in-stream cover, width to depth ratio, average flow, pH, and nitrate and nitrite
concentrations. The variation in the woodland habitat is caused by the percentage of instream cover, conductivity, and the wetted perimeter surface area. The woodland habitat
was also much more divergent from the wetland and grassland habitats, than the wetland
and grassland habitats were from each other. This suggests that the undisturbed
woodland habitat has steeper banks and different channel morphology than the grassland
and wetland habitats.
DISCUSSION
As agricultural landscape alterations intensify, riparian habitats will be negatively
impacted by changes in stream geomorphology and nutrient cycling that may be
detrimental to aquatic ecosystems. When agricultural practices cause an influx of
nitrogen into the system, while also altering the structure of the aquatic ecosystem, the
stream can no longer adequately process the nitrogen. The supply of nutrients is essential
to the functioning of aquatic ecosystems because it is a limiting component in the
productivity, composition, dynamics, and diversity of aquatic ecosystems (Vitousek et al.
2002), and as such, excess nitrogen can increase or decrease populations of organisms.
Nitrogen enters streams through adjacent terrestrial ecosystems where geomorphic and
hydraulic processes, riparian vegetation, and microbial activity determine nitrogen
concentrations in the water (Gregory et al. 1991). Generally, streams play a key role in
reducing nitrogen export downstream because they are effective at removing and
transforming dissolved inorganic nitrogen from the water column through nitrogen-fixing
organisms and increased sediment/water contact time (Tank et al. 2006). Stream biota
are responsible for processing a substantial portion of nitrogen products, but their
processing capacity is limited by light, temperature, and availability of other nutrients
(Tank et al. 2006). Denitrification is the process by which the reactive forms of nitrogen
are converted into nitrogen gas, which is inert and has no detrimental environmental
effects (Alexander et al. 2007). The shape of the stream channel, flow of the water,
oxygen gradients, and exchange of surface water with sediments, all act to reduce
reactive forms of nitrogen in a normally functioning stream system.
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The presence of cattle within the stream and in the adjacent pastures is the
greatest anthropogenic influence on the stream system in this study. Cattle grazing
affects four general components of a stream system: streamside vegetation, stream
channel morphology, shape and quality of the water column, and stream-bank structure
(Kauffman and Krueger 1984). The presence of cattle has caused significant erosion at
heavily trampled regions of the stream, which has particularly influenced features
associated with channel morphology and stream-bank structure: width to depth ratio,
flood prone area, entrenchment ratio, stress, and velocity. These are features that are
indicative of the structure and function of the stream, and also reflect stream-bank
stability, which can be reduced by even short periods of grazing (Magner et al. 2008).
One of the most pronounced effects of cattle grazing is the widening and shallowing of
the streambed, which can cause channel trenching and can alter the water column
(Kauffman and Krueger 1984). At the same time, the removal of vegetation and
loosening of the soil can cause further deterioration of the bank, leading to increased
hydraulic roughness and turbulence, and even greater erosion (Trimble and Mendel
1995). These features combine to create a shallower, wider, more turbulent stream that is
completely different from its original structure and function. I found that width-to-depth
ratio, flood prone ratio, entrenchment, mean depth, and velocity were significantly
different between the woodland transect and the grassland and wetland transects. The
alterations in these features correspond to alterations in the stream structure normally
associated with grazing (Trimble and Mendel 1995), and the lack of change in other
geomorphological features signifies the importance of width-to-depth ratio, flood prone
ratio, entrenchment, depth, and velocity in the maintenance of the stream structure.
Aquatic vegetation influences habitat features as well as geomorphological
features in riparian zones. Grazing can increase erosion by reducing riparian vegetation
and exposing vulnerable substrate (Trimble and Mendel 1995), and habitat features such
as bank slope, erosion potential, and stream width are tied to the presence of vegetation
and erosion. In this study, erosion potential, canopy cover, stream width, in-stream
cover, average flow, and slope were not affected by agricultural practices. As these
physical habitat assessments are important measurements of stream health (Frimpong et
al. 2005), the lack of change in these characteristics indicates that the agricultural
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practices occurring at this stream are influencing stream geomorphology in only a very
limited region.
Slope has been identified as one of the most important watershed variables in
predicting stream health, biotic integrity, and anthropogenic effects (Frimpong et al.
2005) and is an important predictor of plant growth because it influences ambient
temperatures and water movement (Holland and Steyn 1975). Since channel stability,
stream bank erosion, and other geomorphological features are heavily influenced by
riparian vegetation (Magner et al. 2008), the lack of change in some of these features in
the agricultural region of the stream may be attributed to the retention of some stream
vegetation (Sovell et al. 2000). Canopy cover has been found to be an important
predictor of gross primary production in streams (Fellowes et al. 2006), and it can be
used as an indicator of stream health because it can provide cover, serve as an important
source of nutrients, increase habitat complexity, and serve as a component of bank
stability (Ward et al. 2003). As canopy cover was not significantly different between the
transects, this is a sign that the services that a dense canopy provides are intact and that
the physical structure of the stream has not been altered in most areas. It should be noted
that areas of the stream that received direct anthropogenic alteration were limited to small
portions of the stream, but these areas did receive a reduction in canopy and vegetation,
and alterations in the stream bank morphology.
Alterations in stream geomorphology and habitat structure are significant because
they alter patterns of nutrient cycling, resulting in eutrophication. Riparian vegetation
reduces nutrient loads in streams by enhancing stream bank stability and increasing flow
resistance, and the removal of riparian vegetation leads to higher rates of runoff and
erosion (Kang 2006). In this study, riparian vegetation was only reduced in small
patches that received direct agricultural use. This means that erosion and nutrient flow
into the stream from the agricultural grassland was minimal throughout most of the study
area. However, areas at which riparian vegetation was altered had reduced bank stability,
increased erosion, and increased nutrient flow. Nitrate concentrations were indicative of
this as concentrations at areas downstream of anthropogenic alterations were significantly
higher than concentrations at upstream areas. Nitrite concentrations were significantly
higher at both the agricultural grassland and downstream than they were at the transect
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that was upstream of anthropogenic alteration. Studies have shown that denitrification
usually occurs downstream from the sources of added nitrates because of biomass
accumulation, absorption by riparian zones and watersheds, and breakdown by
denitrifying bacteria. The rate of denitrification can be influenced by high oxygen levels,
pool and riffle sequences, and sediment characteristics (Kellmen and Hillaire-Marcel
1998), and the increase in nitrate levels downstream is indicative of additions of nitrates
from other locations.
Differences in water quality also reflected changes in stream nutrient enrichment
as a result of agriculture. Conductivity was significantly higher downstream at the
wetland transect. The changes in conductivity and nitrogen concentrations show that
nutrients were magnifying downstream of the agricultural grassland. However, the pH at
the agricultural grassland was more basic than the pHs upstream or downstream, which
suggests that agricultural practices lower pH acutely, and these effects are mitigated by
natural habitat characteristics. Vegetation has been shown to reduce pollutants and
restore water quality (Sweeney et al. 2004), so the reduced pH downstream at the wetland
transect may be attributed to the heavy vegetation that occurs downstream from the
agricultural grassland.
My study has demonstrated that agricultural practices within the vicinity of the
stream have had a negative impact on water quality and nutrient composition, indicating
that eutrophication may be occurring. Eutrophication is harmful for riparian habitats
because it can lead to anoxic conditions that prevent aquatic organisms from breathing
underwater (Manna et al. 2009), and has been shown to reduce size and survivorship in
amphibians at both the adult and larval stages (Egea-Serrano et al. 2009). Changes in
water quality and potential eutrophication of the stream, as well as changes in stream
bank structure, point toward pervasive problems that could influence distributions and
diversity of aquatic organisms.
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Figure 1. Principal Components Analysis of Stream Geomorphology, Water Quality, and
Riparian Habitat.
The white, gray, and black circles represent five plots within woodland, grassland, and wetland
habitats, respectively. PCA axis 1 represents 41% of the variance in the geomorphology of the
habitat and environmental variables, while PCA axis 2 represents 16% of that variance. Arrows
are eigenvectors that represent specific geomorphology, habitat, and water quality variables.
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Table 1. Water Quality Variables Measured at Woodland, Grassland, and Wetland
Stream Habitats
Water quality variables measured at each of the three habitats at the Gift Ranch, including
standard error of the mean. N.D. stands for not detected. Water quality parameters were
measured at all five plots of each habitat on April 9, 2010, and the mean for each habitat was
taken from those five measurements.
B

A

represents means that are not significantly different, while

represents means that are significantly different.

Wetland Habitat

Grassland Habitat Woodland Habitat

Temperature (C)

Mean
21.81A

S.E.
0.39

Mean
17.68A

S.E.
0.50

Mean
20.43A

S.E.
0.62

Dissolved Oxygen (mg/L)

7.73A

0.18

8.67A

0.11

8.37A

0.13

pH

7.74A

0.04

8.06B

0.17

7.62A

0.08

Conductivity (µS/cm)

67.64A

0.01

73.40B

1.40

71.40A

0.24

Turbidity (NTU)

21.22A

0.87

24.07A

0.87

21.18A

0.34

Nitrate (NO-3, mg/L)

2.68A

0.32

2.32B

0.23

1.04A

0.33

0.020A

0.0069

0.0032A

0.0006

Water Quality
Parameters

Nitrite (NO-2, mg/L)

0.0098B 0.0010

Ammonia (NH+4, mg/L)

N.D.

--

N.D.

--

N.D.

--

Phosphate (PO-34, mg/L)

0.76A

0.049

0.55A

0.060

0.72A

0.010
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Figure 2. Map of Gift Ranch Study Site
The blue dotted line represents the stream that was used for this study. The wetland
transect is farthest downstream, the grassland transect occurs along a power line, and the
woodland transect is farthest upstream. The stream empties into the Sabine River.
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CHAPTER THREE: INFLUENCE OF AGRICULTURE ON MOSQUITO
DISTRIBUTION AND ABUNDANCE IN RIPARIAN HABITATS
INTRODUCTION
Human modifications to aquatic ecosystems may inadvertently alter natural
ecosystem processes, causing increases in abundance and diversity of some species, and
decreases in others. These alterations may occur as changes in geomorphology, water
quality, nutrient concentrations, or habitat characteristics that may enhance populations of
disease vectors, such as mosquitoes. Mosquitoes vector some of the most fatal infectious
diseases in the world and are responsible for potentially life-threatening and
economically significant diseases in the United States, including eastern equine
encephalitis and West Nile virus (Johnson et al. 2010). Thus, it is important to
understand which environmental factors influence mosquito abundance and distribution
so that positive effects on mosquitoes from anthropogenic alterations may be mitigated.
There is emerging evidence that suggests that the abundance and distribution of
vector-mosquitoes may be influenced by the availability of nitrogen, a common
byproduct of agriculture that can concentrate in streams (Townsend et al. 2003). Several
studies have shown a positive correlation between inorganic nitrogen in surface waters
and the larval abundance of vector mosquito species, including Anopheles, Culex, and
Aedes (Rejmankova et al. 1991; Townsend et al. 2003). Furthermore, many studies have
indicated that increases in nitrogen concentrations cause decreases in the diversity of
vertebrate species, largely as a result of an increase in vector-borne diseases (Johnson et
al. 2010; Townsend et al. 2003). Ephemeral pools, which are the preferred habitat for
mosquito oviposition, are often prone to nitrite accumulation (Griffis-Kyle 2008), thereby
increasing the potential for disease transmission.

28

Other changes in habitat occur as a direct result of agriculture. For example, the presence
of livestock often creates small temporary pools that are necessary for oviposition in
many mosquito species (Day and Bentley 1989). Species such as Anopheles
pseudopunctipennis, prefer dry, open, sunny habitats, such as pastures, with stagnant
water of low conductivity for oviposition (Manguin et al. 1996). Environmental factors
such as substrate moisture, presence of vegetation, and flooding are important for
oviposition in species such as Aedes vexans, Ochlerotatus taeniorhychus, and
Psorophora columbiae (Day and Bentley 1989). Anthropogenic activities cause streams
to widen and become very shallow, which often results in the formation of side pools that
have little flow (Kauffman and Krueger 1984) and are perfect for mosquito oviposition.
Although species vary in specific habitat preferences, the creation of shallow pools is a
factor that will increase the abundance of most species.
However, there are other important factors that draw mosquitoes to a specific
area, such as availability of preferred prey. Many studies have shown that most species
of mosquito are prey-specific, at least to class level (Molaei et al. 2008). For example,
mammals account for 97 – 100% of all bloodmeals in many Anopheles species and 86 –
97% of all bloodmeals were white-tailed deer (Molaei et al. 2009). This demonstrates a
strong preference for a specific prey species and has been shown in species of Aedes,
Psorophora, Coquillettidia, Anopheles, and Uranotaenia (93% of blood meals from
mammals) (Molaei et al. 2008). However, while 97% of all blood meals may be
mammalian, a small percentage were also avian (Molaei et al. 2009). This is also a trend
in many mosquito species, such as Ae. vexans, which acquires 92.4% of its blood meals
solely from mammalian hosts, and 2.5% from avian hosts (Molaei and Andreadis 2006).
Occasional feeding on avians is an important path for the transmission of disease to
humans because this creates bridge-vectors, species that may be responsible for spreading
disease from birds to mammals, and the fact that these species feed on mammals most of
the time, increases the likelihood that the disease will spread (Molaei and Andreadis
2006).
One species of mosquito that is abundant in the United States may serve as a
bridge vector to non-mammalian vertebrates as well. Uranotaenia sapphirina, a species
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that is common throughout Central and Eastern North America, blood feeds on reptiles
and amphibians as well as on mammals and birds and is known to carry Eastern Equine
Encephalomyelitis and West Nile virus (Cupp et al. 2004; Marra et al. 2004; Cupp et al.
2003). As bullfrogs (Lithobates clamitans) have been shown to carry low but detectable
viral loads of West Nile virus (Klenk and Komar 2003), this suggests that amphibians
may also be serving as reservoirs for disease in the United States (Cupp et al. 2003).
It is important to investigate which habitat features influence mosquito abundance
and distribution and how agriculture may affect these factors in order to minimize
mosquito populations. I hypothesize that anthropogenic changes to the landscape and the
addition of nitrates and nitrites to the environment will cause increased species diversity
and higher abundances at areas of the stream most affected by agriculture. If this is true,
then evenness should be higher at anthropogenically modified areas of the stream, and
species richness should be lower.
METHODS
Collection
Mosquitoes were collected from the Gift Ranch in Smith County, TX between
June and October 2010 using CDC light miniature traps baited with CO2 and octanol.
Each surveying period lasted from approximately one hour prior to dusk until 2 hours
after dawn. All transects were surveyed for an equal amount of time and within a week
of each other to prevent seasonal distributions from affecting data. Mosquitoes were
collected from each transect on three separate occasions. Mosquitoes were only collected
when water was present in the stream and were never collected during rainfall. All
mosquitoes were euthanized by placement in a freezer. All specimens were then sorted
and preserved in ethanol. Mosquitoes were identified to species using an Olympus SZ61
dissecting microscope.
Statistical Methods
Evenness is a measure of how similar the abundances of different species in a
community are and is calculated using the Shannon-Wiener index and the natural log of
the total number of species present. An evenness of one indicates similar proportions of
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species in a community, while an evenness of zero is indicative of disproportionate
abundances. I also calculated a Margalef Richness Index by dividing the square root of
the total number of individuals by the total number of species to determine the number of
species per capita (Legendre and Legendre 1998).
Mosquito species most associated with a particular transect were determined
using a PCA. The number of individuals of each species captured at the transects was
used to identify how much variance in the mosquito population was associated with each
transect.
I performed a Chi Square test using the statistical program jump to analyze
differences in genus abundances between each transect. Each genus was analyzed
separately and genera were chosen rather than species because abundances were higher
when individual species were combined into genera. Likelihood indices were calculated
and p values were significant if less than 0.05. Pairwise comparisons were only
performed if overall values between all three transects were considered significant. If a
chi square model was statistically significant, the data was partitioned and the p values of
pairwise tests were adjusted for multiple comparisons using the Holm method (Aicken
and Gensler 1996). This method was chosen over other statistical methods because each
variable is retained and analyzed independently, as opposed to comparing the means of
the variables.
RESULTS
The number of mosquito species and total abundance of individuals was very
similar at all three sites (Table 2). However, the grassland transect had more individuals
of a greater number of species than the other transects. The wetland transect had the
fewest number of species that comprised more than 5% of the population. The three most
abundant species were the same at all three transects. Cx. nigripalpus was by far the
most abundant species at all three transects, comprising 67% of all individuals at the
wetland transect, 57% at the grassland transect, and 66% at the woodland transect. Ur.
sapphirina was the next most abundant species, comprising 22% of all individuals at the
wetland transect, 10% at the grassland transect, and 19% at the woodland transect. Ae.
vexans was the third most abundant species, making up 3% of species at the wetland
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transect, 8% of the grassland transect, and 4% of the woodland transect. Abundances of
other species at each transect varied. An analysis of the number of individuals by genera
in each transect revealed that the grassland transect, the agricultural transect, had much
higher percentages of Aedes, Anopheles, and Ochlerotatus, while the woodland transect
had a higher percentage of Psorophora than the other transects. The wetland transect
only had high percentages of Culex and Uranotaenia. This is supported by evenness
indices that demonstrate that the grassland transect species had the highest degree of
evenness (T1, E=0.16; T2, E=0.29; T3=0.19). All three transects had very similar
Margalef Richness Indices (T1, R=0.839; T2, R=0.834; T3, R=0.837).
Ur. sapphirina was most associated with the wetland transect, Ae. vexans, Oc.
taeniorhynchus, An. judithae, and An. pseudopunctipennis were most associated with the
grassland transect, and Cx. nigripalpus was most associated with the woodland transect
(PCA, Figure 3; broken stick eigenvalue axis one = 5.95, eigenvalue axis one = 2.718;
broken stick eigenvalue axis two = 2.05, eigenvalue axis two = 1.718). It should be noted
that because the Eigenvalues were less than the broken stick eigenvalues, the Eigenvector
values presented by this PCA are not significant. However, this is still a good
representation of the trends shown in the data.
An analysis of genus abundances between the transects identified several genera
that were significantly different in at least one transect. Culex, Uranotaenia, Aedes,
Anopheles, Ochlerotatus, and Psorophora were all analyzed and all but Culex were found
to have significantly different abundances between the transects (Chi Square, Table 3).
After the Holm method adjustment, all values that were considered significant under the
full model were still considered significant. All pairwise comparisons revealed
significant differences between the wetland and grassland transects, and pairwise
comparisons of Anopheles, Ochlerotatus, and Uranotaenia were also significantly
different between the grassland and woodland transects. Only Psorophora was
significantly different between the wetland and woodland transects.
DISCUSSION
As agricultural activities intensify and alter the landscape at a greater scale, there
will be unintended consequences for aquatic organisms. The creation of new habitats and
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increases in nutrient concentrations may enhance abundances and species diversity in
insects such as mosquitoes. Understanding how changes to the environment may
influence mosquito species abundances and diversity could be useful in helping to control
mosquito populations. Different species of mosquitoes often have different requirements
and preferences for bloodmeals, oviposition, and larval development. Of the species
collected at the Gift Ranch, Cx. nigripalpus prefers high humidity, flooding events, and
daily rainfall for oviposition and the development of eggs (Day et al. 1990; Day and
Bentley 1989), while An. pseudopunctipennis prefers clear, stagnant pools in meadows
with abundant sunlight (Manguin et al. 1996). This indicates that a greater diversity of
habitats can support a greater diversity of mosquito species. Different species have the
ability to vector different diseases, so a higher diversity of mosquitoes presents a greater
risk for disease outbreak to occur.
Changes in habitat and the amount of anthropogenic impact did affect species
diversity and abundances of specific species. Significant differences in all but one genus
between the transects was a result of much higher abundances of Aedes, Anopheles, and
Ochlerotatus at the grassland transect, the agricultural transect. The number of
individuals of Uranotaenia was much lower at the grassland transect. The only genus
whose significant difference was not accounted for by a different abundance at the
grassland transect, was Psorophora, which had a higher abundance at the woodland
transect. This indicates that the influence of agriculture at the grassland transect directly
influenced abundances in these genera. The higher abundance of Anopheles can most
likely be attributed to the lack of canopy cover and abundant sunlight provided by
anthropogenic disturbance and to the creation of multiple small pools in the hoofprints of
cattle, since Anopheles species prefer sunlit, stagnant water for oviposition (Manguin et
al. 1996; Rejmankova et al. 1991). Ae. vexans requires very dry conditions, followed by
a heavy rainfall event for eggs to hatch (Vignolles et al. 2009) and although the amount
of rainfall would have been the same at every site, the grassland transect was much drier
than the other transects because it lacked overhead canopy and shade. Ochlerotatus
species have been found to be associated with areas of low slope that are separated from
woodland (Gleiser et al. 2002) and as result of constant passage over the stream by
vehicles and cattle, most of the grassland transect is very flat and not surrounded by
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woodland. No studies could be found on habitat or oviposition site preference in
Uranotaenia species, but the reduced abundance of Ur. sapphirina at the grassland
transect can most likely be accounted for by the high abundance of other species, and
possibly the lack of woodland at the grassland transect, since abundances were much
higher in wooded areas. The increased abundances of these genera at the grassland
transect demonstrates that anthropogenic alterations to the stream environment have
created a greater diversity of habitats that suit a greater number of genera than the other
transects.
The higher abundances of a greater number of species at the agricultural grassland
transect follows the predictions of the intermediate disturbance hypothesis, which states
that species richness and evenness should be highest at intermediate levels of disturbance,
because both rapid colonizers and more competitive species co-occur, and not enough
time has passed for a dominant species to emerge (Townsend et al. 1997). The accuracy
of this principle has been demonstrated for aquatic invertebrates (Townsend et al. 1997;
Whiles and Goldowitz 2001) and seems to reflect the patterns of mosquito diversity
occurring between anthropogenically altered regions of the stream, and unaffected areas.
The wetland transect had the lowest levels of diversity, which indicates that higher
nitrogen concentrations downstream did not influence mosquito abundance or diversity.
Evenness indices for mosquito species abundances at the transects are also supported by
the intermediate disturbance hypothesis. Evenness was much higher at the agricultural
region of the stream than at the other transects. Therefore, the continued disturbance of
the grassland riparian environment has caused greater species evenness and higher
abundances of a greater number of mosquito species.
It is difficult to attribute the higher diversity of mosquito species to any specific
geomorphological features because an analysis of the most altered features demonstrated
that the wetland and grassland transects were similar to each other, but significantly
different from the woodland transect, while mosquito species abundances were only
higher at the grassland transect. pH was the only feature that was significantly different
at the grassland transect but not at the other transects. Females of the genus Culex are
known to use contact stimuli to evaluate water chemistry (Day and Bentley 1989), but
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whether pH is a factor is not known. Culex larval density and rate of development have
also been reported to be influenced by pH (Sunish and Reuben 2001).
The presence of nitrogen is another factor that may potentially influence the
abundance of mosquitoes. Anopheles and Aedes larval abundances have been linked to
higher concentrations of inorganic nitrogen (Townsend et al. 2003) and Culex larval
abundance has been correlated to increased concentrations of nitrate and ammonia
(Sunish and Reuben 2001; Townsend et al. 2003). We found higher concentrations of
nitrates and nitrites at the wetland and grassland transects than at the woodland transect.
It is possible that the low abundance of Anopheles at the wetland transect is a result of the
wooded habitat with little sunlight, which are not preferable for Anopheles oviposition
(Manguin et al. 1996; Rejmankova et al. 1991). Abundance of Cx. nigripalpus was
equally high at all three transects, and so cannot be attributed solely to the presence of
nitrates.
Distribution of mosquito species is also influenced by the availability of prey. All
of the species at this site are predominantly mammalian blood feeders, with the exception
of Cx. nigripalpus, which feeds on avians in the spring and fall, and mammals in the
summer (Kilpatrick et al. 2006). However, many of these species also feed on birds
incidentally. For example, Ae. vexans, Ur. sapphirina, and An. punctipennis obtain
between 1-5% of their blood meals from birds (Cupp et al. 2003; Molaei and Andreadis
2006; Molaei et al. 2009). Because these species feed primarily on mammals, but also
occasionally on birds, and have the potential to vector diseases, they are known as bridge
vectors (Molaei and Andreadis 2006). This means that these species may have the ability
to transmit diseases such as West Nile Virus from birds to mammals. The high
abundances of these species, especially of Ur. sapphirina, is especially significant since
these species have the potential to serve as bridge vectors.
Landscape alterations to aquatic ecosystems can be particularly detrimental
because modifying the stream structure and introducing nutrients into the system can
increases abundances and diversity of mosquitoes, which are potential vectors for
diseases that are harmful to humans, livestock, and wildlife. Consistent disturbances
prevent the ecosystem from restoring vegetation and stream bank structure, and the
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maintenance of the disturbed state creates a diverse population of mosquito species.
Higher abundances of anopheline mosquitoes are a direct result of abundant sunlight and
the creation of small stagnant pools of water. More tree cover and less traffic through the
stream might help reduce the abundance of anopheline mosquitoes. A reduced input of
nitrogen into the ecosystem may also help reduce populations of Culex, Anopheles, and
Aedes, since larval abundances and growth rates of these species increase with the
addition of nitrogen (Sunish and Reuben 2001; Townsend et al. 2003). Reducing
populations and minimizing the number of mosquito species present in an area may help
diminish the risk of disease for humans and wildlife by decreasing the number of
potential vectors and possible diseases.
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Figure 3. Mosquito Species Principal Components Analysis.
Principal Components Analysis of most abundant mosquito species found at the Gift
Ranch. The blue, green, and red circles represent the wetland, grassland, and woodland
habitats respectively. Percentages of total abundance of each mosquito species are shown
next to the species vector (arrows). Axis one accounts for 74% of the variance in
mosquito species and habitats, while axis two accounts for 26%.
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Table 2. Mosquito Species Abundances at Wetland, Grassland, and Woodland Stream Habitats
Number of individuals and percent abundance of each mosquito species surveyed at the Gift Ranch. Richness was calculated using a Margalef
Richness Index and evenness was calculated using a Shannon-Weiner Diversity Index. Mosquitoes were captured using CDC miniature light traps
between May and September 2010.

Mosquito Species

Wetland Stream Habitat

Grassland Stream Habitat

(Total Individuals)

Number of

Number of

Percent

Individuals Abundance Individuals

Woodland Stream Habitat

Percent

Number of

Percent

Abundance

Individuals

Abundance

All Stream Habitats
Total

Total

Individuals Abundance

Ae. vexans

6

2.5

18

7

11

4

35

4.5

An. barberi

1

0.4

0

0

0

0

1

0

An. crucians

0

0

0

0

2

0

2

0

An. judithae

2

0.8

16

6.5

3

1

21

2.7

An. pseudopunctipennis

2

0.8

10

4

2

0

16

2.1

An. punctipennis

6

2.5

7

3

10

3.5

23

3

An quadrimaculatus

2

0.8

2

2

1

0

5

0

Cu. melanura

0

0

0

0

1

0

1

0

162

67.5

144

59

186

66

492

64

Cx. restuans

0

0

1

0

0

0

1

0

Cx. tarsalis

1

0.8

0

0

0

0

1

0

Cx. territans

0

0

0

0

1

0

1

0

Oc. campestris

0

0

1

0

0

0

1

0

Oc. fulvus pallens

1

0.8

0

0

0

0

1

0

Cx. nigripalpus

42

Table 2 Continued
Oc. solicitans

0

0

1

0

0

0

1

0

Oc. taeniorhynchus

1

0.8

19

8

1

0

21

2.8

Oc. thibauti

1

0.8

0

0

0

0

1

0

Oc. zoosophus

1

0.8

0

0

0

0

1

0

Or. alba

0

0

0

0

1

0

1

0

Ps. columbiae

0

0

4

1.5

0

0

4

0

Ps. cyanescens

0

0

0

0

3

1

3

0

Ps. howardii

0

0

0

0

5

2

5

0

Ur. sapphirina

54

22.5

25

10

53

19

132

17.3

Total mosquitoes

240

243

280

763

Total species

13

13

14

23

Richness (R)

0.84

0.83

0.84

--

Evenness (E)

0.16

0.21

0.19

--
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Table 3. Comparison of Mosquito Genera Between the Habitats Using Chi-Square
Analysis
Chi square values for each mosquito genus comparison between transects. P values are shown
based on the likelihood index. Pairwise comparisons were only performed if the overall P value
for all three habitats was significant. P values are considered significant if less than 0.05 and
significant values are shown in italics. Significance based on adjustments from the Holm method
is represented by an asterisk. “Wet” stands for the wetland habitat, “Grass” stands for the
grassland habitat, and “Wood” stands for the woodland habitat.

Chi Square Test of Genera – Likelihood Index – P Values
Genus
All Transects
Wet & Grass
Grass & Wood
0.0827
Aedes
0.0292
0.0103*
Uranotaenia
0.0008
0.0002*
0.0051*
0.2169
Culex
Anopheles
<0.0001
<0.0001*
0.0002*
Ochlerotatus
<0.0001
0.0003*
<0.0001*
0.3615
Psorophora
0.0204
0.0187*
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Wet & Wood
0.3434
0.3158
0.6262
0.1181
0.0016*

CHAPTER FOUR: INFLUENCE OF STREAM GEOMORPHOLOGY
AND AGRICULTURAL ALTERATIONS ON AMPHIBIAN
DISTRIBUTION AND DIVERSITY
INTRODUCTION
As anthropogenic alterations to riparian habitats increase, many sensitive aquatic
vertebrates may become weakened by changes in the environment. Amphibians are a
particularly vulnerable group of aquatic vertebrates. A 2004 IUCN assessment reported
that one third of all amphibian species worldwide have undergone dramatic declines or
extinction (Beebee and Griffiths 2005). Little is known about the influence of many
habitat modifications on amphibian diversity and distribution, and this is an important
topic to explore as amphibians are increasingly affected by agriculture. Understanding
how specific changes to the ecosystem may impact amphibian health and diversity will
be an important step in maintaining populations of this rapidly declining vertebrate
group.
Agricultural landscapes utilize water and often provide habitat for amphibians
(Manna et al. 2009). However, alterations to natural aquatic environments and additions
of nutrients to the ecosystem may compromise the health and densities of amphibian
populations. Many amphibians have both aquatic and at least partially terrestrial life
stages. This means that both changes to aquatic environments and to the surrounding
riparian areas have the potential to influence amphibian abundance and viability through
impacts on reproduction, foraging, dispersal, and over-wintering habitat (Stoddard and
Hayes 2005). Decreased recruitment of ranid frogs have been detected in areas heavily
used by cattle as a result of the removal of vegetation, trampling of egg masses, and
changes in water quality (Schmutzer et al. 2008; Jansen and Healey 2003). Amphibian
diversity, species richness, and populations of certain species have been show to declines
with grazing intensity because of the removal of aquatic vegetation (Jansen and Healey
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2003). Most amphibian species are associated with particular landscape features such as
the presence of forests or other vegetation, so clearing areas of trees or other alterations
associated with agriculture may force certain species from the habitat (Guerry and Hunter
2002). Both landscape composition and configuration can influence communities of
amphibians, since most depend on two types of habitat: still or slow-moving water for
reproduction, and upland forest or fields for travelling, foraging, and hibernating
(Baldwin and deMaynardier 2009; Guerry and Hunter 2002). This means that fragmented
habitat may separate breeding areas from foraging areas, making neither habitat suitable
(Baldwin and deMaynardier 2009). Increases in turbidity and conductivity have also been
linked to decreased frog populations, although this may be related to elevated nutrient
and sediment levels (Schmutzer et al. 2008). High turbidity may reduce the ability of
ranid tadpoles to acquire food, and sediment associated with high turbidity may suffocate
amphibian eggs and reduce hatching success (Schmutzer et al. 2008).
Nitrates and nitrites often enter aquatic ecosystems as a result of agricultural
runoff (Johnson and Chase 2004), and these compounds can be toxic to amphibians at
high levels. Exposure to 20mg NO2/L nitrite has been shown to reduce rates of growth
and development, and cause behavioral abnormalities and mortality in larval amphibians
(Manna et al. 2009; Marco et al. 1999; Griffis-Kyle 2007). Nitrate, unlike nitrite, is not
actively transported and enters aquatic organisms through passive diffusion only. LC50
concentrations have varied from between 50 – 1000 mg NO3/L (Manna et al. 2009).
Nitrates and nitrites can reduce amphibian growth rates, alter behavior, and cause
lethargy (Manna et al. 2009; Marco and Blaustein 1999; Griffis-Kyle 2007). One study
has indicated that nitrate may depress immune response and blood hemoglobin levels in
larval amphibians, though how this functions in adults is unknown (Rouse et al. 1999).
The combination of an altered ecosystem with substandard habitat and even low levels of
toxic nutrients, may create habitats that are unsuitable for most amphibian populations.
Nutrient and sediment runoff into streams have been shown to be minimized by the
creation of riparian buffer strips between the stream and the area of high use (Stone et al.
2005). However, in areas in which agricultural practices directly utilize a stream, it may
not be possible to create buffer strips, and in these areas it may be best for amphibian
populations to limit agricultural contact with the stream as much as possible.
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As agricultural landscape alterations increase, aquatic organisms may be at
greater risk from disease than those in terrestrial environments because of their sensitivity
to increased nutrient flow and alterations in stream structure. The worldwide decline in
amphibians over the last three decades may indicate that agricultural practices may
already be having an effect on this threatened vertebrate group. I hypothesize that as
alterations to stream structure and anthropogenic inputs of nitrogen increase, amphibian
fitness will decrease. If this is true, then we should see decreased health and reduced
diversity at areas of the stream that have been moderately and consistently impacted by
agricultural alterations or received increased levels of nutrients. This may cause habitat
fragmentation between critical habitat for foraging, reproduction, and overwintering,
leading to reductions in amphibian species diversity and populations.
METHODS
Amphibians were captured on the Gift Ranch in Smith County, Texas from
October 28, 2009 until July 13, 2010. Searches were ceased November 5, 2009, and
resumed on May 18, 2010 to account for amphibian aestivation. Searches were also
continued after July 13, 2010 until November, 2011, but no amphibians were captured
during that time period due to a drought that dried up the stream. Amphibians were
caught most frequently and successfully by nighttime calling surveys, in which calling
amphibians were located and hand captured for a recorded time period. Visual encounter
surveys were performed by systematically searching each transect and were performed
congruently with night surveys. Some dipnetting surveys were also performed. Each
amphibian captured was identified to species (Conant and Collins 2003; Elliot et al.
2009), weighed using Pesola Precision hanging scales, and snout vent length was
measured in millimeters using Swiss-Made Cali-Max calipers (Appendix B). All
researchers handling amphibians wore nitrile gloves so as not to contaminate amphibians,
and amphibians were stored in zip-lock bags for no more than thirty minutes prior to
being weighed and measured. Location, activity at time of capture, substrate amphibian
was captured on, time and date of capture, and any abnormalities in behavior and
condition were noted (Appendix B). Amphibians were marked to avoid recapture by
removing the last (fifth) digit on the front left and hind right feet (Heyer et al. 1994). As
capture period was less than a year in duration, there was no danger of toe regrowth.
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Most amphibians were released after all data had been collected, although a few were
humanely euthanized and kept as voucher specimens.
Statistical Analysis
The number of amphibians per unit effort was analyzed for each transect by
multiplying the number of people searching by the total time searched in hours and
dividing by the number of individuals caught during that time period. Total amphibian
species richness at each transect was determined by using a Margalef Richness index,
which was calculated by dividing the total number of species observed by the square root
of the total number of individuals (Legendre and Legendre 1998). Evenness between the
transects was analyzed using an evenness index (Table 4), which was performed by
dividing the Shannon-Weiner Diversity Index by the natural log of the total number of
species (Legendre and Legendre 1998). The number of frogs of each species at each plot
was compared within and between the plots using a multiple response permutation
procedure (MRPP). Significant difference between categorical variables was
characterized by a P value less than 0.005 and heterogeneity was represented by A values
less than 1.
The influence of geomorphological, habitat, and water chemistry variables on the
presence of amphibians at each plot was analyzed using a logistic regression in the
statistical program NCSS. The four variables that were used for this analysis were
selected by their high eigenvector values and placement on the axes in the PCA. The
four values that were selected were nitrate concentration, stress, width to depth ratio, and
conductivity. Each amphibian species was analyzed separately.
RESULTS
A total of sixty-one individuals from seven species were caught in all three
transects. Twelve individuals of three species were captured in the wetland transect.
These were Acris crepitans blanchardi (25% of wetland frogs), Lithobates clamitans
(25% of wetland frogs), and Hyla chrysoscelis (50% of wetland frogs) (Figure 4). In the
grassland transect, thirty-six individuals of five species were captured: Ac. crepitans
blanchardi (25%), Li. clamitans (30%), Anaxyrus woodhousii (39%), Gastrophryne
carolinensis (3%), and Lithobates sphenocephalus (3%) (Figure 4). In the woodland
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transect, thirteen individuals of three species were captured: Li. clamitans (39%), Li
catesbeian.us (38%), and Li. sphenocephalus (23%) (Figure 3). Li. clamitans, the bronze
frog, was the only species captured at all three transects. Ac. crepitans blanchardi were
also seen and heard at the woodland transect, but the steep banks and deep water
prevented them from being captured. Hy. chrysoscelis, Cope’s Gray Treefrog, was only
caught at the wetland transect. Ga. carolinensis, the Eastern Narrowmouth Toad, and An.
woodhousii, the Woodhouse’s Toad, were only captured at the grassland transect, and
only one individual of Gastrophryne was captured. Li. catesbeianus, the Southern
leopard frog, was only captured at the woodland transect. In addition, Green treefrogs,
Hyla cinerea, were heard on the property but were farther than five hundred meters from
the stream.
When the number of frogs per unit effort was analyzed, it was determined that 1.5
frogs were captured on average in the wetland transect, an average of 1.8 frogs were
captured in the grassland transect, and 1.6 frogs were captured in the woodland transect
(Figure 4). An analysis of the number of individuals of each species at each transect
revealed that there was no significant difference in presence of species or number of
individuals between the transects (MRPP, Euclidean, p=0.149, a=0.0431). However, all
three transects were found to be heterogeneous, indicating that the number of individuals
of each species varied within the plots of each transect (Table 3).
The influence of nitrate concentration, stress, width to depth ratio, and
conductivity had no influence on the presence of A. crepitans blanchardi, Li. clamitans,
An. fowleri, or Hy. chrysoscelis (logistic regression, p>0.05). However, Li. catesbeianus
was influenced by conductivity and stress, (logistic regression, 26.17+294.44*conductivity – 1.34*nitrate + 156.35*stress+0.03*width/depth ratio;
conductivity Z = 3327.74, p = 0; stress z=32847.91, p = 0). Li. sphenocephalus was also
influenced by conductivity and stress, (logistic regression, 17.55-143.51*conductivity –
1.79*nitrate + 180.66*stress-0.22*width/depth ratio; conductivity Z = -1333.89, p = 0;
stress Z=-16513.16, p = 0).
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DISCUSSION
Aquatic ecosystems are dynamic systems in which small changes in bank
structure, depth, or width may dramatically alter trophic cycles and nutrient flow, which
may be detrimental to the organisms living within them. In this study, we have
determined that subtle differences in stream structure and habitat are predictors of the
presence and distribution of amphibian species. Several species were captured only at
one transect. The gray treefrog, Hy. chrysoscelis, was captured only at the wetland
transect and all individuals captured were attempting to mate. Hy. chrysoscelis is highly
selective when choosing breeding locations and select by factors such as the pool’s age,
permanence, vegetation, and temperature (Resetarits and Wilbur 1989). The wetland
transect was much wider than the other transects and relatively shallow. The presence of
Hy. chrysoscelis in this area indicates that this transect has warmer temperatures and
more natural riparian vegetation than the other transects. While this transect received less
alteration to its structure than the grassland transect, it had higher levels of nitrate and
nitrite than the other areas. Hy. chrysoscelis is highly arboreal (Resetarits and Wilbur
1989) and spends less time in the water than more terrestrial species, so adults may be
less affected by elevated nitrogen levels than species that spend more time in the water.
The only other species captured at this transect, Ac. crepitans blanchardi and Li.
clamitans, are both very common and hardy species and were captured in higher numbers
at other transects.
Superficially, the data would suggest that the grassland transect, the highly altered
agricultural area, had the greatest species diversity and abundance. However, because it
was the most accessible location, more search hours were spent here than at other
transects and the number of frogs captured per unit effort was very similar at all three
transects. An. woodhousii, Woodhouse’s Toad, was the most abundant species captured
and was only captured at the grassland transect. I had uncovered an individual
hibernating much closer to the woodland transect, which suggests that they overwinter in
other locations and used the grassland transect only for mating. Most individuals
captured were calling, although there were two juveniles present that were not calling.
The high abundance of this species at the agricultural transect can probably be accounted
for by the sandy banks without vegetation that characterize this area (Conant and Collins
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1998), an example in which a species benefits from anthropogenic alterations. Adult
toads have thicker skin and spend less time in water, which may also protect them from
elevated nutrient concentrations. One other species, Ga. carolinensis, the eastern
narrowmouth toad, was also captured at the grassland transect, though only one
individual was captured. This is a relatively rare species and is associated with deeper
water that contains debris (Conant and Collins 1998). This individual was captured in a
pool within the grassland transect that is much deeper than any others within the study
site and has a large number of logs, sticks, and leaves in it. The structure of this pool has
been only minimally affected by anthropogenic alterations and sits on the edge of a
wooded area, so the presence of this species is not indicative of any anthropogenic
effects. Other species captured here, Li. clamitans, Li. sphenocephalus, and Ac. crepitans
blanchardi, were also recorded at other transects and are common species.
The bullfrog, Li. catesbeianus, was the only species captured at the woodland
transect that was not recorded at the other transects. Although this is generally a common
species and prolific breeder that feeds opportunistically, it prefers larger bodies of water
than most other frogs (Conant and Collins 1998). The woodland transect has much
steeper banks and deeper water than the other transects. The presence of the bullfrog at
this transect indicates that this more natural stream structure is beneficial for larger
amphibian species which cannot exist at the more altered locales. Although one
individual of Li. sphenocephalus was captured at another transect, most were recorded at
the woodland transect. This frog inhabits many water types, but prefers highly vegetated
areas for shelter and shade (Conant and Collins 1998), and also attaches its eggs to
vegetation (Hudson and Lutz 1986). This may explain why it preferred the densely
vegetated habitat of the woodland transect, and may indicate that increased vegetation
may be necessary for some amphibian species. The distribution of both of these species
was found to be influenced by conductivity and stress. Conductivity increases as flow
increases (Fureder et al. 2001), and as both these species were found most frequently in
high flow areas, this demonstrates that Li. catesbeianus and Li. sphenocephalus select
more natural sections of stream with higher flow and deeper water. These species also
occurred at the only two plots in the study that had stresses higher than zero. Stress
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increases as flow, depth, slope, and dissolved sediment load increase (Yarnell et al.
2006), which also indicates the preference for faster deeper water in these species.
The lack of significant differences in diversity between the transects was most
likely a result of limited sample sizes and a somewhat uneven distribution of surveying
efforts. This was caused by a drought that completely dried up the stream by early July
and caused all amphibians in the area to aestivate for the remainder of the season. For
these reasons, there was no difference in amphibian species richness or in number of
individuals of each species between the transects. Species evenness was highest at the
wetland transect and lowest at the grassland transect. Increased evenness in species at the
grassland transect was most likely a result of uneven sampling efforts at this transect, but
reduced evenness at the wetland transect cannot be attributed to this, as it received greater
surveying efforts than the woodland transect. Instead, this may indicate that the
increased concentrations of nitrates and nitrites may be causing amphibians to move out
of the area (Manna et al. 2009) and select other habitats. It is also possible that this
wetland terrain may only be suitable for a few species, though many of the species
captured at other transects, such as Li. sphenocephalus, are habitat generalists and also
thrive in wooded areas (Conant and Collins 1998).
The desiccation of the stream in midsummer may have been hastened by the
presence of cattle in this area. Studies have shown that even small numbers of cattle can
cause significant damage to riparian areas as they are not adapted to dry climates and use
streams to cool off (Belsky et al. 1999). Cattle heavily used the stream throughout the
summer for drinking and wallowing, which may have resulted in the loss of a significant
amount of water. Furthermore, grazing surrounding vegetation and causing the stream to
become wider and shallower may also have contributed to increased evaporation
(Kauffman and Krueger 1984; Belsky et al. 1999). Although we cannot attribute the
desiccation of the stream solely to anthropogenic events, it is likely that this was a
contributing factor. No amphibians were found in this area for the remainder of the
summer, despite frequent searching and even rainfall. This indicates that this drying
event limited foraging and reproductive efforts in amphibian species which could have
been detrimental to many individuals within the population. If amphibians do not find
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enough food and store up energy, they may not survive aestivation over the winter
(Fitzpatrick 1976). We do not know if this occurred during this study, but it is likely that
the lack of water at the stream for a substantial period of the foraging and mating season
had negative effects on amphibian health and abundance.
Although conclusive evidence of behavioral avoidance or reduced health in
amphibians to altered landscape structure or increased nutrient concentrations cannot be
proven, patterns of species habitat preference and limited ranges have emerged.
Anthropogenic alterations to the stream ecosystem are causing habitat fragmentation and
reducing ecosystem services so that amphibian species are limited by available habitat.
Diversity was not reduced as a result of agriculture, but this is most likely a result of the
fact that the intensity of the disturbance was moderate and limited in range. Habitat
limitations and reduced habitat quality may leave amphibians vulnerable to parasitism,
disease, or natural environmental effects. Nutrient enrichment has also been linked to
greater larval abundances and growth rates in mosquito species that have the potential to
vector pathogenic diseases (Rejmankova et al. 1991; Townsend et al. 2003). This
enhanced abundance of possible vectors and weakened amphibian populations provides
an opportunity for increased parasitism on amphibians that could ultimately reduce
amphibian abundances. As humans continue to encroach on aquatic ecosystems, the
general health of amphibian populations is likely to decrease as a result of habitat
fragmentation, and increases in mosquito populations have the potential to cause further
problems for this declining vertebrate group.
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Figure 4. Percentages of Amphibian Species at Each Stream Habitat
Each pie chart represents the percentage of amphibian species surveyed at the wetland
stream habitat (A, n = 11), the grassland stream habitat (B; n = 36), and the woodland
stream habitat (C; n = 13).
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Table 4. Amphibian Species Abundances at Wetland, Grassland, and Woodland Stream Habitats
Amphibian species abundances surveyed at each transect at the Gift Ranch between October, 2009 and October, 2010, using visual encounter
surveys and nighttime calling surveys. No significant differences exist within or between habitats in terms of species abundances (MRPP, P <
0.005, A < 1).

Species

Wetland Habitat
Number
Percent
Individuals
Abundance

Grassland Habitat
Number of
Percent
Individuals
Abundance

Woodland Habitat
Number of
Percent
Individuals
Abundance

All Stream Habitats
Total
Total
Individuals
Abundance

Acris crepitans
blanchardi

2

25

9

25

0

0

12

20

Lithobates
clamitans

3

25

11

31

5

39

19

31

Anaxyrus
woodhousii
fowleri

0

0

14

39

0

0

14

23

Hyla chrysoscelis

6

50

0

0

0

0

6

10

Gastrophryne
carolinensis

0

0

1

3

0

0

1

2

Lithobates
catesbeianus

0

0

0

0

5

39

5

8

Lithobates
sphenocephalus
Total Individuals
Total Species
Richness (R)
Evenness (E)

0

0

1

3

3

23

4

7

11
3
0.866
6.900

36
5
0.833
4.780

13
3
0.832
5.840
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CHAPTER FIVE: CONCLUSIONS
Anthropogenic alterations to aquatic ecosystems can alter stream geomorphology,
resulting in an inability to process nutrients. The removal of vegetation, creation of
shallow pools, and elevated nutrient concentrations have led to a diversity of habitats for
disease-vectoring mosquitoes, while fragmenting and reducing the habitat quality for
amphibians. Wider and shallower stream banks with increased nitrogen concentrations,
as well as the constant state of disturbance, have enhanced the diversity of mosquitoes in
the grassland agricultural landscape. A greater abundance of anopheline mosquitoes in
the agricultural grassland presents an increased opportunity for the transmission of
disease. Meanwhile, these conditions have developed fragmented and divergent habitats
for amphibians that are only tolerable by a few species.
This study has demonstrated that agricultural intensification can have negative
local consequences, such as increased erosion, elevated nutrient levels, and reduced
biodiversity. Correlations between agriculture and the emergence of infectious disease
are becoming increasingly common, raising new concerns about agricultural landscape
alterations (Johnson et al. 2010). The total area of cultivated land has increased 466%
over the past two centuries (Matson et al. 1997), so understanding the effects of
agricultural alterations to aquatic ecosystems is necessary for the maintenance of
biodiversity and the prevention of disease. Concerns are also being raised over global
declines in amphibian populations (Knutson et al. 2004), so any insight into the
relationship between agriculture, disease, and amphibian fitness can be useful to
amphibian conservation efforts.
This study has also shown that aquatic environments that receive a moderate level
of disturbance have the most diverse populations of mosquitoes. This has the potential to
negatively impact both humans and wildlife because a high diversity of mosquitoes is
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more likely to lead to an outbreak of disease. Not all species are able to vector the same
diseases. Of the species found in this study, the most common species, including Cx.
nigripalpus, Ur. sapphirina, Ae. vexans, Oc. taeniorhynchus, and An. punctipennis, can
vector West Nile Virus (Townsend et al. 2003; Gubler 2007). West Nile Virus was
introduced into the United States in 1999, and from 1999 to 2006, killed over 1,000
people (Kilpatrick et al. 2007). Cx. nigripalpus, Ur. sapphirina, Ae. vexans, and An.
punctipennis can all vector Eastern Equine Encephalitis (Shaman et al. 2003; Molaei et
al. 2009; Cohen et al. 2009, Cupp et al. 2004). Eastern Equine Encephalitis is a virulent
arbovirus that occurs in the Eastern United States, and is particularly severe in horses
where the mortality rate approaches 90% (Cohen et al. 2009). In humans, it is fatal in a
third of all cases, and paralyzes a third of survivors (Deresiewicz et al. 1997).
Certain mosquito species that feed on multiple classes of organisms may serve as
bridge vectors between vertebrate groups as well. Ur. sapphirina, the second most
abundant species at the study site, feeds on amphibians relatively frequently, although it
also feeds on mammals, reptiles, and birds (Cupp et al. 2003; Gubler et al. 2007). As this
species of mosquito can vector both Eastern Equine Encephalitis and West Nile Virus, it
may serve as a bridge vector for disease between amphibians and mammals (Cupp et al.
2003; Cupp et al. 2004). A few studies have shown that frogs can carry detectable viral
loads of West Nile Virus in laboratory studies, which means they have the potential to
serve as reservoirs for the disease (Cupp et al. 2004; Marra et al. 2004). The bullfrog,
Lithobates catesbeianus, has been shown to carry low but detectable viral loads of West
Nile Virus (Klenk and Komar 2003), and frogs in Tajikistan were infected with West
Nile Virus in a laboratory and able to infect mosquitoes (Zeller and Schuffenecker 2004).
Some species of mosquitoes have been known to feed on amphibians and are also
effective and frequent vectors of West Nile Virus and Eastern Equine Encephalitis (Cupp
et al. 2004). This suggests that since the virus does survive within amphibians, they may
have the potential to serve as reservoirs for these diseases (Cupp et al. 2003). However,
few studies have explored which diseases amphibians may be able to carry, how long the
disease persists in the amphibians, and what effects it may have on the amphibian carrier,
and these are directions for future research that should be pursued.
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This study presents important trends in agricultural landscape degradation, its
influence on the diversity of disease-vectoring mosquitoes, and negative effects to
amphibian populations. However, if these relationships are to be properly understood,
there are several directions for future research that are indicated by this study. First, little
is known about the introduction of pathogens in agricultural landscapes and their
transmission to mosquitoes, or how factors such as presence of livestock might increase
the frequency of disease. Other factors, such as the influence of water quality and
nutrient enrichment on oviposition site selection also need to be determined. The
transmission of diseases such as West Nile virus and Eastern Equine Encephalitis to
amphibians is also very poorly understood. Although studies have shown that a few
amphibian species can carry low viral loads of West Nile virus and can even transmit the
disease back to mosquitoes that blood feed on them (Zeller and Schuffenecker 2004),
little is known about which amphibian species can carry which diseases. No studies have
researched what effect this may have on amphibian immune systems or populations, and
whether mosquito vectored diseases occur with any frequency in wild populations.
Properly managed agricultural riparian habitats can minimize negative
consequences on aquatic biota, and reduce mosquito abundances, thereby decreasing the
potential for disease transmission. The creation of buffer strips composed of riparian
vegetation and trees between pastures and the stream can significantly reduce nutrient
and sediment flow into a stream, enhance in-stream processing of nutrients, improve instream habitat, and return biotic integrity to aquatic ecosystems (Stone et al. 2005;
Sweeney et al. 2004). Relatively inexpensive grade control structures, such as wide
ramps between banks, can reduce bank erosion by 50% (Trimble 1995), and minimize
contact to aquatic organisms. Intensive rotational grazing may also be as effective as
buffer strips at minimizing impact to streams, and may be more practical to implement
(Lyons et al. 2000). In areas where cattle must have access to the stream and buffer strips
are impractical, the retention of some trees may help decrease erosion and stabilize the
bank. Providing off-stream watering areas and fencing cattle out of streams can reduce
input of nutrients and eliminate trampling of stream banks (Godwin and Miner 1996).
Reducing anthropogenic impact to aquatic ecosystems can restore the health of the
ecosystem and improve species richness and reproductive success in amphibians
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(Knutson et al. 2004). Farmers can be given added incentive to protect water quality
because research indicates that calves with clean drinking water gain more mass than
those with polluted water (Knutson et al. 2004). Reducing influxes of nitrogenous
compounds into streams and preventing the creation of shallow pools may help to reduce
populations or diversity of mosquitoes, thereby decreasing the potential for disease
transmission.
This study validates the importance of reducing anthropogenic impact to aquatic
ecosystems. Proper management of agricultural landscapes can maintain stream structure
by preventing bank erosion and widening of the stream, and decreasing the amount of
nutrient runoff can avert eutrophication and faster growth rates in mosquitoes. If
agricultural practices in riparian ecosystems are carefully managed, then the detrimental
effects suffered by aquatic organisms such as amphibians can be reduced, and mosquito
populations can be controlled.
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APPENDIX A: GEOMORPHOLOGY CROSS-SECTIONAL PROFILES FROM THE
GIFT RANCH.
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A1.4 - TRANSECT ONE, PLOT FOUR
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A1.5 ‐ Transect One, Plot Five
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APPENDIX B: AMPHIBIAN SPECIES LIFE HISTORY DATA
Life history data of every amphibian surveyed between October 2009 and October 2010. Individuals are listed by riparian habitat in
the order in which they were captured. Question marks under the sex category denote uncertainty of the sex. SVL stands for snoutvent-length. Substrate denotes the material the individual was found on when first spotted. Activity was identified by the act the
individual was observed performing when first spotted. The time of capture is recorded in military time. The location is represented
by the transect number (T) followed by the plot number (P).
Species

Sex Age SVL

mass

Substrate

Activity

Time

Acris crepitans blanchardi

?

A

22.2mm

1.4g

sand

resting

11:53 5/18/2010

T1P3

wetland

Acris crepitans blanchardi

?

A

24.61mm 2.1g

sand

resting

8:46

5/19/2010

T1P3

wetland

Lithobates clamitans

?

A

52.47mm 16g

water

resting

22:50 5/24/2010

T1P3

wetland

Hyla chrysoscelis

M

A

42.66mm 7.5g

tree branch calling

21:26 6/15/2010

T1P2

wetland

Hyla chrysoscelis

M

A

38.02mm 6.5g

ground

calling

21:45 6/15/2010

T1P2

wetland

Lithobates clamitans

?

J

41.01mm 8g

sand

resting

21:55 6/15/2010

T1P2

wetland

Lithobates clamitans

M

A

56.16mm 18g

sand

resting

22:05 6/15/2010

T1P2

wetland

Hyla chrysoscelis

M

A

36mm

6.5g

tree branch calling

22:15 6/15/2010

T1P2

wetland

Hyla chrysoscelis

M

A

37.59mm 7.5g

tree branch calling

23:24 6/15/2010

T1P4

wetland

Hyla chrysoscelis

M

A

40.66mm ~6g

tree branch mating

23:36 6/15/2010

T1P4

wetland
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Hyla chrysoscelis

F

A

45.7mm

Acris crepitans blanchardi

?

A

Acris blanchardi

?

Acris blanchardi

~7g

tree branch mating

23:36 6/15/2010

19mm

sand

resting

11:20 10/28/2009 T2P3

grassland

A

15mm

sand

resting

12:15 10/28/2009 T2P3

grassland

?

A

14mm

sticks

resting

2:06

10/28/2009 T2P1

grassland

Lithobates clamitans

?

A

30mm

water

DOA

3:20

10/28/2009 T2P2

grassland

Lithobates clamitans

?

A

37mm

8.8g

water

swimming

10:11 11/4/2009

T2P3

grassland

Acris crepitans blanchardi

?

A

15mm

.87g

sand

bask

10:29 11/4/2009

T2P3

grassland

Acris crepitans blanchardi

?

A

13mm

.55g

sand

bask

10:37 11/4/2009

T2P4

grassland

Acris crepitans blanchardi

?

A

15mm

.64g

sand

bask

10:41 11/4/2009

T2P4

grassland

Acris crepitans blanchardi

?

A

16mm

.84g

sand

bask

10:44 11/4/2009

T2P4

grassland

Acris blanchardi

?

A

18mm

sand

bask

12:15 11/4/2009

T2P3

grassland

Acris blanchardi

?

A

15mm

sand

bask

1:20

11/4/2009

T2P4

grassland

Anaxyrus woodhousii velatus

?

J

27mm

soil

hibernating 1:55

11/4/2009

T2P4

grassland

Anaxyrus woodhousii velatus

M

A

52.43mm >10g

sand

travelling

21:25 5/21/2010

T2P4

grassland

Anaxyrus woodhousii velatus

M

A

49.32mm >10g

sand

calling

21:43 5/21/2010

T2P3

grassland

.73g
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Anaxyrus woodhousii velatus

M

A

54.17mm >10g

sand

calling

21:50 5/21/2010

T2P3

grassland

Anaxyrus woodhousii velatus

M

A

51.98mm >10g

sand

calling

21:50 5/21/2010

T2P3

grassland

Anaxyrus woodhousii velatus

M

A

58.50mm >10g

sand

calling

21:50 5/21/2010

T2P3

grassland

Anaxyrus woodhousii velatus

?

J

36.28mm 5.1g

sand

resting

21:50 5/21/2010

T2P3

grassland

Acris crepitans blanchardi

?

A

26.36mm 1.8g

grass

calling

21:53 5/21/2010

T2P3

grassland

Anaxyrus woodhousii velatus

M

A

60.58mm >10g

sand

calling

22:00 5/21/2010

T2P3

grassland

Anaxyrus woodhousii velatus

M

A

55.68mm >10g

sand

calling

22:05 5/21/2010

T2P3

grassland

Anaxyrus woodhousii velatus

M

A

57.68mm >10g

sand

calling

22:35 5/21/2010

T2P4

grassland

Gastrophryne carolinensis

?

A

25.84mm 1.9g

sand

resting

22:40 5/21/2010

T2P2

grassland

Anaxyrus woodhousii velatus

M

A

59.10mm >10g

sand

calling

23:00 5/21/2010

T2P3

grassland

Anaxyrus woodhousii velatus

?

J

40.77mm >10g

sand

resting

23:05 5/21/2010

T2P3

grassland

Anaxyrus woodhousii velatus

M

A

58.94mm >10g

sand

calling

23:10 5/21/2010

T2P3

grassland

Lithobates clamitans

?

J

32.78mm 5g

soil

resting

21:10 7/13/2010

T2P2

grassland

Lithobates clamitans

?

J

39.33mm 4.5g

soil

resting

21:15 7/13/2010

T2P4

grassland

Lithobates clamitans

?

A

48.86mm 10.5g soil

resting

21:36 7/13/2010

pool 1

grassland
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Lithobates clamitans

M

A

53.85mm 16g

soil

resting

21:40 7/13/2010

pool 1

grassland

Lithobates clamitans

M

A

51.08mm 15g

soil

resting

21:40 7/13/2010

pool 1

grassland

Lithobates clamitans

?

J

45.85mm 7.5g

soil

resting

21:50 7/13/2010

pool 1

grassland

Anaxyrus woodhouseii velatus M

A

58.74mm 19.5g soil

calling

22:10 7/13/2010

T2P3

grassland

Lithobates sphenocephalus

F?

A

65.6mm

resting

22:20 7/13/2010

T2P5

grassland

Lithobates clamitans

?

A

51.12mm 13g

soil

resting

22:45 7/13/2010

Pool 1

grassland

Lithobates sphenocephalus

F?

A

40.5mm

soil

resting

21:25 6/27/2010

T3P3

woodland

Lithobates sphenocephalus

F?

A

55.56mm 23.5g soil

resting

21:36 6/27/2010

T3P2

woodland

Lithobates sphenocephalus

?

A

73.86mm 26g

soil

resting

22:06 6/27/2010

T3P3

woodland

Lithobates clamitans

?

A

46.5mm

10g

soil

resting

21:57 6/27/2010

T3P4

woodland

Lithobates catesbeiana

F?

A

64.30mm 38g

soil

resting

22:01 6/27/2010

T3P2

woodland

Lithobates catesbeiana

F?

A

55.62mm 19g

soil

resting

22:04 6/27/2010

T3P2

woodland

Lithobates catesbeiana

F?

A

91.96mm 58g

soil

resting

22:42 6/27/2010

T3P1

woodland

Lithobates clamitans

?

J

33.29mm 4.5g

soil

resting

22:48 6/27/2010

T3P1

woodland

Lithobates catesbeiana

M?

A

77.32mm 48.5g soil

resting

22:55 6/27/2010

T3P1

woodland

22.5g soil

5.5g
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Lithobates clamitans

?

J

41.05mm 5.5g

soil

resting

23:00 6/27/2010

T3P1

woodland

Lithobates catesbeiana

M?

A

52.68mm 34g

soil

resting

23:05 6/27/2010

T3P1

woodland

Lithobates clamitans

?

A

42.61mm 13g

soil

resting

23:10 6/27/2010

T3P1

woodland

Lithobates clamitans

?

A

55.55mm 14.5g soil

resting

23:15 6/27/2010

T3P1

woodland
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